Bacterial isolation from oil-contaminated and uncontaminated soil was screened for hydrocarbon utilizer which was also capable of producing lysine. Microbial production of lysine by Microbacterium lacticum was investigated in submerged fermentations using various concentrations of hydrocarbon, sugar sources and nitrogen. Of the nine sugar and five nitrogen sources tested, glucose/ammonium sulphate proved optimum for lysine production. Effect of varying concentration of carbon and nitrogen sources on lysine accumulation showed that glucose (4%) ammonium sulphate (1%) respectively increased lysine production. A gram positive rod bacterium identified as Microbacterium lacticum was identified. Optimizing the cultural conditions of Microbacterium lacticum in submerged medium gave a methionine yield of 2.99 mg/ml lysine in the broth culture after 96 h.
Introduction
Lysine is one of the nine essential and commercially important amino acids, out of the twenty naturally occurring amino acids. It is a basic building block of all protein. This amino acid was first isolated in 1889 from casein. Lysine is an essential amino acid required mainly by children and growing animals. Lysine cannot be synthesized biologically in the body and its breakdown is irreversible [1] , but may be added to food and feed materials to improve the protein quality [2] . Hence it must be ingested as lysine or lysine-containing proteins [3] . Bread is enhanced by the addition of lysine [4] . It plays an essential role in the production of carnitine, a nutrient responsible for converting fatty acids into energy and helping to lower cholesterol. It also helps the immune system ward off viral infections, like herps, cold sore, mouth ulcers and the associated fever [5] .
Children and growing animals require high levels of lysine for bone formation, adequate milk production and proper growth [6] . Lysine is used as food (flavour) enhancer and also food preservation especially with ᵋ-poly-L-lysine [7] .
Lysine production processes by microorganism have been investigated by many researchers [8] - [10] . L-lysine can be produced chemically, enzymatically and biochemically just like other amino acids. The biochemical process is more practical, economic and optical active, even though relatively low yields are obtained during the extraction of L-lysine. Chemical synthesis of lysine gives more yield and requires specific installations and the use of expensive products [11] [12] .
The production of lysine by fermentation began with a technique developed by the Chas-Pfizeranco laboratories in 1956. It has been developed into a commercial process and it has been widely used in Japan, USA, France [13] and several hundred thousand tones of L-lysine are annually produced worldwide almost by microbial fermentation [12] . The sterospecificity (the L-isomer) of amino acids and the steadily increasing L-lysine demand necessitates indispensably their fermentative production (the L isomer) over synthetic processes [12] .
A number of microorganisms capable of producing amino acids have been isolated and amino acids such as threonine, isoleucine, histidine and methionine have been produced successfully by fermentation [14] - [16] . Attempts have been made to overproduce biological active L-lysine using fermentation [17] - [19] .
This work was therefore carried out to study microorganisms that are capable of metabolizing hydrocarbon and equally produce lysine; to determine the factors that will stimulate growth and appreciably enhance lysine accumulation and the time taken for the optimum production of lysine by Microbacterium lacticum. In this study, under submerged fermentation, an active isolate identified as Microbacterium lacticum, gave the highest lysine production and then studied. No production of lysine by Microbacterium species has been reported. Although [20] noted that the yielding strains are found mostly among species of Arthrobacter, Corynebacterium and Brevibacterium.
Material and Methods

Isolation of Bacteria
Soil samples from oil contaminated and uncontaminated area samples were collected in sterile screw capped bottles from at the soil depth of 2 -8 cm. both obtained in South-eastern part of Nigeria. Two grams of each soil samples was serially diluted in ten-folds in sterile distilled water. One drop of each hydrocarbon (kerosene, gasoline, motor oil, spent oil and crude oil) and 0.1 ml of 10 −5 dilutions of soil sample were introduced into 10 ml of sterilized basal medium respectively. The basal medium, con- [21] . The tubes were incubated at 30˚C for 7 days. Purity test of the first stock culture were carried out by the ordinary culture technique using basal media mentioned above, which 2% agar was added. The carbon source consisted of 0.5 ml of the hydrocarbons added to a sterile filter paper secured in the lids of 70 by 15 mm-diameter sterile Petri dishes under aseptic condition. The dishes was then inverted and incubated at 30˚C for 4 days. The pure isolate were transferred onto Nutrient agar (Oxoid) slants and stored at 4˚C for further studies.
Preliminary Screening of Isolates for Lysine Production on Solid Medium
The isolates were screened for lysine production by the method described ) sources were replaced and fermentation process carried out as previously described. The most lysine producer was investigated. The carbon/nitrogen source with the highest lysine yield was used for further studies. Optimization studies were equally conducted.
Screening Lysine Producers in Submerged Medium with Different Carbon and Nitrogen Sources
Determination of Growth: Growth of the isolate was determined turbidimetrically from the culture broth using JENWAY Spectrophotometer (Model 6405 uv/vis) at 660 nm.
L-Lysine Assay: Quantitative estimation of L-lysine in the supernatant was carried out by acid ninhydrin method of Chinard [23] . A 5 ml volume of the culture broth was centrifuged at 5000× g for 20 min and the cell-free supernatant was assayed for L-lysine. One ml of glacial acetic acid was added to 1 ml of the supernatant in a test tube followed by the addition of 1 ml of a reagent solution which contains an acid mix- 
Estimation of Reducing Sugar
The residual sugar (glucose) in the time-course fermentation broth was estimated following the method described by Miller [23] . A 1 ml volume of dinitrosalicylic acid was added and 1 ml of the supernatant in a test tube was heated in boiling water for 10 min.
The tube was rapidly cooled, and the volume adjusted to 12 ml with distilled water. A blank test tube containing of distilled water and 1ml of dinitrosalicylic acid was similarly prepared. The optical density of the mixture was read at 540 nm in a spectrophotometer. Glucose concentration in the supernatant was estimated from a glucose standard curve.
Identification of Active Lysine Producer
Methods described by [24] - [27] were used for characterization of the active isolate.
Colony morphology on Nutrient agar, biochemical and physiological test such as Gram reaction, Motility, Nitrate reduction, sugar, citrate and tyrosine utilization and NaCl tolerance were examined.
Time Course Experiment for Growth, PH, Sugar Utilization and Lysine
Production Time course experiment for growth, pH, sugar utilization and methionine production by Microbacterium lacticum, was studied. The fermentation medium consists of basal medium, Glucose, 40 g; (NH 4 ) 2 SO 4 , 10 g; a mixture of yeast extract, peptone, casein, 0.1% (w/v); Biotin, 1.0 μg/ml; Sr 2+ , 5.0 μg/ml; L-methionine, 0.01% (w/v); H 2 O 1 L; pH 7.2. Fermentation process was carried out as previously described and growth determined turbidimetrically with a spectrophotometer at 660 nm. Lysine concentration in the broth culture was determined as previously described and sugar utilization estimated following the method described by Chinard [23] . Statistical analysis: Data obtained were subjected to statistical analysis (one-way ANOVA) using Statistical Package 
Results
Identification of Active Lysine Producer
Growth on 24 h Nutrient agar plates showed yellow-white creamy colonies with wavy margins. They are gram positive with irregular slender rods arranged singly. Catalase, Motility, Nitrate reduction, Citrate, Urease indole were positive while spore stain, Methly red, Oxidase and phenylalanine were negative. Sugar utilized includes glucose, maltose, fructose but lactose, mannitol, galactose, sucrose, dulcitol and D-xylose were not used and tyrosine was utilization and sodium chloride (NaCl) tolerance >9%, <10%. The organism was identified as a strain of Microbacterium lacticum.
Effect of Medium/Fermenter Volume Ratio on Lysine Production
The effects of medium/fermenter volume ratio (volume of the culture medium: volume of fermentation flask) lysine production by Microbacterium lacticum are shown in Figure 1 . Erlenmeyer flasks (100 ml) with different volumes (15, 20, 25, 30 ml) of the sterile fermentation medium were each inoculated with 1 ml of seed inoculum. The results show that 20% medium volume gave the highest concentration of (1.47 mg/ml) lysine. Thus 20% was chosen for subsequent shake flask experiments.
Screening Lysine Producers in Submerged Medium with Different Carbon and Nitrogen Sources
The effects of carbon and nitrogen sources on growth and lysine production are presented in Figure 2 . Of the carbon and nitrogen sources tested, glucose/ammonium sulphate (NH 4 ) 2 SO 4 gave highest while crude oil/KNO 3 had the least lysine accumulation. Glucose/ammonium sulphate (NH 4 ) 2 SO 4 was then used for further studies. Statistical analysis showed that there is significant difference on the occurrences of different sugar/nitrogen used (P-value = 0.00). Figure 1 . Effect of medium/fermenter volume ratio on lysine production. 
Effects of Varying Concentrations of Glucose on Growth and Lysine Production
The result presented in Figure 3 shows the influence of varying concentrations of glucose on lysine production by Microbacterium lacticum. At 4% (w/v) glucose concentration 1.68 mg/ml lysine accumulated in the culture broth. It also shows that lysine production increased as the glucose concentration increased, but decreased after more than 40 g/L of glucose was added to the media. There is significant positive difference between glucose concentration and lysine concentration (P-value = 0.00). Figure 4 shows the effects of varying concentrations of ammonium sulphate (NH 4 ) 2 SO 4 on growth and lysine production. At 1% (w/v) level of ammonium sulphate (NH 4 ) 2 SO 4 , 1.54 mg/ml of lysine yield was produced. Statistical analysis of the result shows that there is no significant difference between ammonium sulphate concentration and lysine concentration (P-value = 0.008), thus as ammonium sulphate concentration increases, lysine production decreases and vice versa.
Effects of Varying Concentrations of Ammonium Sulphate on Growth and Lysine Production
Effect of Varying Concentrations Antibiotics on Growth and Lysine Production
The effects of varying levels of antibiotics on growth and lysine production are presented in Figure 5 . Antibiotics with the exception of tetracycline did not stimulate lysine production. Tetracycline at 0.05 µg/ml concentration gave lysine yield of 1.50 mg/ml. There is significant difference between in the different concentrations of antibiotics in relation to lysine production (P-value = 0.022).
Time Course of Fermentation for Growth and Lysine Production
The time course of lysine production, growth and glucose utilization in submerged 
Discussion
Microbacterium lacticum used in this study, under submerged fermentation accumulated a lysine yield of 2.95 mg/ml. No production of lysine by Microbacterium species has been reported. Although Sen and Chatterjee [20] , Ekwealor and Obeta [18] noted that the yielding strains are found mostly among species of Arthrobacter, Corynebacterium, Brevibacterium and Bacillus.
Bacterial isolates from oil-contaminated and uncontaminated soil were investigated for lysine production. Among all the hydrocarbon used, it was be observed that kerosene was highly utilized while crude oil was the least utilized. Out of 104 hydrocarbon [28] . Also Ekwealor and Obeta (2005) were able to isolate lysine producer Bacillus megaterium sp14 from Nigerian soil [18] . Although Nwachukwu and Ekwealor, (2009) noted methionine-producing Streptomyces sp. can be isolated from Southern Nigerian soil [29] .
In a taxonomic study, an active isolate that is Gram positive, irregular slender, utilizes citrate, urease, tyrosine and reduces nitrate. It was identified as Microbacterium lacticum, gave the highest lysine production and then studied. No production of lysine by Microbacterium species has been reported. Although Sen and Chatterjee (1989) noted that the yielding strains are found mostly among species of Arthrobacter, Corynebacterium and Brevibacterium [20] .
The production of lysine from microorganism isolated from soil, agrees with the work of Ezemba, et al. (2014b) who noted a novel lysine producing bacterium from oilcontaminated soil [19] . Sen and Chatterjee (1989) also isolated Arthrobacter globiformis from Burdwan (Indian) soil that accumulated 3.4 g/l of L-lysine [20] . Lysine producing bacteria were isolated from oil-contaminated soil and able to utilize hydrocarbon is in line with the work of Sen [30] , who screened 263 hydrocarbon utilizer strains for their lysine production out of which only 24 isolates were lysine producers [30] . Ezemba, C.C. and Anakwenze, V.N. (2015) noted that hydrocarbon utilizers are fairly well distributed in oil-contaminated soil, and they also found 16 lysine producing organism out of 140 isolates [31] . There is need for adequate aeration in microbial production of metabolites (Khongsay et al. 2012) [32] . The results obtained with regard to oxygen tension ( Figure 1) showed that as the liquid volume increased above 20 ml, methionine production decreased. Therefore, 20% is the optimum medium/fermenter volume ratio for methionine accumulation in submerged culture of Microbacterium lacticum. This finding is supported by the work of Pham et al. (1992) who observed 20% fermenter volume give the highest production of methionine [33] . The influence of medium composition on lysine accumulation in a culture broth was reported by Sassi et al. [34] . Anastassiads (2007), however, noted that in addition to physiochemical parameters, medium composition is very important factor strongly influencing fermentation processes, often being of extensive process development and optimization [12] . According to Anastassiads (2007), culture medium must satisfy in a suitable manner the requirement of microbial growth and production [12] . In a shake flask fermentation experiment using different carbon and nitrogen source medium, production of lysine by these bacteria were determined (Figure 2 ). High lysine yield in Microbacterium species of 1.47 mg/ml with Glucose/Ammonium sulphate agrees with work of Ezemba et al. (2014c) , who noted that a Microbacterium lacticum a hydrocarbon utilizers accumulated a high quality of lysine in shake flask fermentation in addition with B-vitamin and Metals [35] . Also this is supported by the work of Kinoshita et al. (1958) ; Sen and Chatterjee [37] and Ezemba, et al. (2014b, c) [19] [35]- [37] . Sen and Chatterjee [37] isolated Arthrobacter globiform is that is capable of accumulating L-lysine in purely synthetic medium [37] . This is contrary to the work of Ekwealor and Orafu, (2003) , who also noted that Bacillus sp. accumulated lysine in broth culture [10] . The difference in production may be due to difference in cultural conditions and the organism used. The production of lysine by Microbacterium lacticum, in submerged fermentation had the highest lysine concentration (1.44 mg/ml) and was for used further studies.
The ability of Microbacterium lacticum, to use hydrocarbon as carbon source and able to produce lysine was very successful. However a very low lysine yield was produced when hydrocarbon were used as a carbon sources. We suggests that Microbacte-rium lacticum, has a role to play in bioremediation and that fermentation medium and process variable if improved on may likely result in maximum lysine.
The contributory factors to low yield of lysine when hydrocarbon was used as carbon source ( Figure 2 ) could be attributed to the regulatory mechanism factors that limit the growth of hydrocarbon-oxidizing bacteria, this is supported by Atlas (1981) [38] and other investigators (Anastassiadis, 2007) [12] , who citied that when olefin and ethyl alcohol are used as carbon source for genus Nocardia low yield of lysine was obtained.
Carbon sources and their ratio in fermentation media play a significant role in the production of a particular metabolite [39] .
The use of glucose as the carbon source (Figure 3) It also shows that lysine production was a function of the initial sugar concentration in the fermentation medium (Ekwealor and Obeta, 2005) , who demonstrated that a high L-lysine producer, high-glucose-consumer could be from fusion of a high-L-lysine, low glucose strain with a low L-lysine, highly glucose strain [18] . Based on the result in Figure 4 , lysine production was observed to be a function of nitrogen concentration up to 1% beyond which accumulation of lysine decreased As presented in Figure 4 , lysine accumulation by Microbacterium lacticum was obtained at 1% level of ammonium sulphate. Thus, as the ammonium sulphate concentration increases lysine production decreases and vice versa. Anakwenze et al. (2014) reported that 1% concentration of ammonium sulphate by Bacillus cereus S8 gave highest yield of methionine [16] . This work is contrary to the work of Ekwealor and Obeta (2005) , who noted at 2% level of nitrogen sources gave the highest lysine yields by B.megaterium . This decrease, as suggested by Pham et al. (1992) , may be attributed to osmotic pressure exerted by high nitrogen concentration, which may have adversely affected the organism's growth and lysine accumulation [33] .
The effects of varying levels of antibiotics on lysine production are presented in Figure 5 . Antibiotics with the exception of tetracycline did not stimulate lysine production. Tetracycline at 0.05 µg/ml concentration gave lysine yield of 1.50 mg/ml. This is contrary with the work of Ekwealor and Obeta who observed lincomycin improved lysine yield in Bacillus megaterium18.
The reports regarding increased lysine production by bacteria, in the presence of small quantities of several kinds of antibiotics were investigated in Microbacterium lacticium [30] [37] [45] - [48] . Erythromycin, chloramphenicol, lincomycin, and penicillin did not stimulate lysine production, but at 0.05 μg/ml concentration tetracycline gave a yield of (1.50 mg/ml). This is in line with the reports of Zaki, et al. (1982) who found that some 22 -24 g/L could be produced by Micrococcus glutamicium, when tetracyc-line and erythromycin were added to the fermentation culture [45] . Furthermore antibiotics could be used to arrest such free cell growth while allowing the synthesis and excretion of the product into the medium [46] and also to maintain the stability of plasmids in the medium [47] . The inhibitory effect of other antibiotics as suggested by
Israilides, et al. [46] , may probably be due to great decrease in cell viability of Microbacterium lacticum which also prevented the production of lysine [46] .
A similar relationship between sugar consumption and amino acid production by
Micrococcus glutamicum has been reported by Murgov and Zaitseva (1973) [49] . The possible application of various requirements for the growth and production of lysine by
Microbacterium lacticm in ( Figure 6 ) were study in the time-course fermentation process accompanied by sugar utilization and pH. The highest level of lysine produced was 2.95 mg/ml after 96 h fermentation. This result is comparable to the reports of Ekwealor and Obeta (2005) that reported that Bacillus megaterium accumulated a lysine yield of 3.56 mg/ml in a broth culture in 96 h [18] . This pattern of lysine production is similar to that observed in the works of Pham et al. (1992) and Anakwenze et al. (2014) on methionine production [16] [33].
Conclusion
In summary, the present results show a marked improvement of the lysine fermentation by hydrocarbon utilizer, in its yield as well as the fermentation time. The fermentation process for the production of lysine by Microbacterium lacticum was successfully assessed in shake flasks on a laboratory scale. Glucose and Ammonium sulphate served as a good carbon and nitrogen sources, respectively, for high lysine yield. Synthetic sources were better than the hydrocarbon source, because lysine production also applies with the works of Ezemba, et al. 2015 ; Ezemba and Anakwenze, 2015 [31] [50]. It is concluded that the physiological significance of amino acid production by microorganisms is uncertain, though a pathological rather than a physiological process takes place in the producer organisms [51] . Generally, amino acid producing microorganism is subjected to negative feedback regulations, which results poor yield under normal condition, as required by the cells. Thus, future of the lysine fermentation by hydrocarbon utilizer will be very promising using mutation techniques, recombinant DNA technology and process development and optimization as suggested by Anastassiadis, S.
(2007) to improve and channel into a wide range of application and the information obtained can be used for the development of biotechnology for maximum accumulation of lysine and bioremediation [12] Also submerged fermentation process of lysine production when developed will reduce importation of lysine in Nigeria and make it more readily available.
